The purpose of this study was to compare the solubility of four sealers in three common endodontic solvents at time intervals of five minutes, ten minutes, and twenty minutes. Recently, there has been a growing number of resin endodontic sealers with multiple studies looking at leakage and very few investigating their solubility. Three resin sealers (AH Plus, Epiphany, and EndoREZ) and one Grossman's formula sealer (Roth's 801) were tested with three common endodontic solvents (Chloroform, Eucalyptol, Endosolv-R). All sealers were mixed according to the manufactors' specifications and placed into metal rings with openings of a diameter of twenty millimeters and height of two millimeters. Forty five samples of each sealer were allowed to set up for at least forty eight hours at thirty seven degrees Celsius with moisture present. A sample size of five was randomly assigned to one of the three solvents and one of the three time groups. The samples were weighed to the 0.0001 gram before being placed in the solvent. After being in the solvent, the samples were allowed to dry for twenty four hours before taking the final weight. An Excel spreadsheet was used to organize the data and calculate the differences in weight. The data was analyzed in a Split Plot ANOVA employing the REML method and Tukey's HSD. This was accomplished, by using the Jump software. Significance was determined at P < 0.05. The results indicated that multiple factors were significant, including solvent, sealer, and the amount of time. Chloroform was the most effective solvent and was the strongest at the twenty minutes time frame. As for the sealers, AH Plus and Roth's 801 were the most soluble sealers. 
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Background
Root canal therapy has been a very predictable mean of preserving natural teeth. A root canal is necessary when the dental pulp of the tooth becomes inflamed, infected, and sometimes needed for restorative reasons (eg. post placement). This can happen as a result of dental caries, dental restorative material placement, or trauma to the tooth. Endodontic therapy removes the damaged pulp, with chemical and mechanical instruments.
Finally, the canals are filled with a core material and sealer. After effective root canal therapy a final restoration, which could be a crown or dental filling, is placed on the coronal portion of the tooth.
The success rate of initial root canal therapy is high, yet many teeth every year need to be retreated. Endodontic retreatment requires: finding all canals, removal of all previous filling material (both core material and sealer), reinstrumentation of the canal space and filling with new core material and sealer. Clinicians use solvents to soften the previous filling materials. Endodontic solvents need to be safe and effective at dissolving both gutta-percha, the most common core material, and sealer.
Endodontic sealers are designed to seal the gaps between the core materials and help prevent the root canal system from leakage. Currently, 2 there is a push in the endodontic community to bond to the dentin walls, thus reducing the leakage of sealers. The most important seal comes from the restoration above the root canal filling, because it disallows or allows leakage from the oral cavity. Also, the literature has a fair amount of research on the solubility of gutta-percha in different endodontic solvents, but there are limited studies on the effects of solvent on root canal sealers.
All popular filling techniques leave the apical portion and the walls with sealer, leaving it the last material to be removed in retreatment. The first time one views the walls of a canal with a surgical microscope he/she is surprised, to see what remains in the canal, after removing or believing to removed the previous root canal filling.
This study looked at the solubility of different sealers in three solvents, by looking at the weight of sealer before and after being immersed in one of the three solvents. The two most used solvents in dentistry are chloroform and eucalyptol. As the third sealer, we selected Endosolv-R (Septodont) because it is designed for removal of resin sealers. Hopefully, we have better insight on endodontic solvents and which sealers are more easily retreated. Until, we can ensure all canals are located and chemomechanically instrumented correctly we need to keep in mind the type of core materials and sealers being used and tested for further use. Efforts 3 should continue to find a more universally effective solvent for use in root canal retreatment.
Statement of the Problem
Is there a difference of solubility among the different types of endodontic sealers in three of the most commonly used solvents (chloroform, eucalyptol, and Endosolv R)?
Significance of the Study
Currently, the hot topic with endodontic sealers is their leakage and how well they fill the canal preparation. The endodontic community is looking to completely fill the canal without any leakage, which is currently 
Null Hypothesis
There is no difference between different endodontic sealers when testing for solubility in three different solvents.
Definition of Terms
Root canal system = a space containing the dental pulp within a tooth.
Root canal preparation = a continuous tapered prep after cleaning and shaping of a root canal.
Root canal therapy = is the removal, cleaning, shaping and obturation of the root canal space.
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Root canal retreatment = is redoing a previously treated root canal tooth with the goal of a successful case. Patency = ability of having a clear path from canal orifice through the entire canal and through the apex of the tooth.
Endodontic sealer = material used to fill in the voids the core material cannot fill.
Endodontic solvent = solution used to soften or dissolve root canal filling materials.
Gutta-percha = the most commonly used endodontic core filling material. Chloroform = most common endodontic solvent used. Formula = CHCl 3 . Eucalyptol = the second most common endodontic solvent used. Formula = C 10 H 18 O.
Endosolv R = newer solvent designed for removing phenolic resin obturating materials. Composition = 33.5% Phenylethylic alcohol; 66.5%
Formamida.
Mixing time = the part of the mixing time required in order to obtain satisfactory mix of components. 
Delimitations
(1) Only large sizes of sealer were mixed in order to obtain recordable weights. (2) Sealers were allowed to set up for at least forty eight hours. (3) Only four sealers were tested. (4) Only three solvents were tested.
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Chapter 2
Review of Literature
Although several studies (Torabinejad et al 2005 , Hoskinson et al 2002 , Marquis et al 2006 have concluded the success rate of root canal therapy is quite high, endodontic retreatment is a common procedure in endodontics (Weiger et al 1998) . Root canal retreatment is an increasing element in endodontic practice (Hepworth and Friedman 1997, Koch 1997) .
A few reasons (Stabnolz et al 1994) for retreatment are missed canals, separated instruments, poor coronal or apical seal (Saunders and Saunders 1994) , inadequate debridement and/or filling of the root canal space, and inadequate chemical irrigation. Depending on a variety of circumstances, the clinician must decide between surgical or nonsurgical retreatment.
Today, the most commonly used endodontic filling material is gutta-percha and a sealer. Endodontic sealer comes in a variety of compositions: calcium hydroxide, zinc oxide and eugenol, silicon-based, glass ionomer, and resin sealers. Resin sealers are the newest composition of sealer. Sealer is used because gutta-percha alone cannot fill the three dimensional root canal system completely (Nguyen 1994 , Schafer 2000 . Regardless of the method of obturation, sealer is expressed laterally and apically, leaving it as the last 9 obstacle for a clinician to obtain patency during retreatment. It is a basic requirement of root filling materials, both core and sealer materials, that they can be removed or retreated (Grossman et al 1988) . Lately, there has been a large number of studies looking at the leakage of resin sealers, but none have addressed their solubility in endodontic solvents.
Retreatment of previous root canal therapy includes locating all canals, removal of all previous root canal filling (both gutta-percha and sealer), chemomechanical cleaning of canals, and filling the root canal system. There are different methods to perform endodontic retreament including thermal, mechanical, chemical, or a combination of the three (Stabholz et al 1994) . The two most common endodontic solvents are chloroform and eucalyptol, with chloroform being the most popular and extremely effective for gutta-percha removal (Wilcox 1995 , Kaplowitz 1990 , Wilcox et al 1987 . Chloroform has been found to be a carcinogen (Barbosa et al 1994 , Reuber 1979 ), but deemed safe in the amounts used as a dental solvent (McDonald and Vire 1992, United States Drug Administration 1976). Recently (Edgar et al 2006) , chloroform has been found to decrease the intracanal levels of cultivatable E. faecalis, which is a microorganism thought to be possibly a cause of failing root canal therapy.
Eucalyptol is also effective and safe (Hansen 1998 , Zakariasen et al 1990 Uemura et al 1997, Wourms et al 1990) . Although solvents for the removal of gutta-percha has been well studied, the solubility of endodontic sealer in solvents has seen very few studies (Whitworth and Boursin 2000) .
Solubility refers to the ability for a given substance, the solute, to dissolve in a solvent. It usually is expressed as grams of solute per litre of solvent. In general, solubilities of solids in liquids increase with temperature and those of gases decrease with temperature and increase with pressure (Atkins and De Paula 2001) .
In this study the endodontic sealers were the solutes and chloroform, eucalyptol, or Endosolv R were the solvents. This study followed the International Standard #6876 (2001) specifications for testing root-canal sealing materials, although the focus was slightly different. The ISO #6876
was to standardize looking at sealers, to test their solubility, and sets the standard so that sealers will not dissolve in water, salvia, or saline.
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CHAPTER III MATERIALS AND METHODS
SAMPLE DESCRIPTION
Four sealers (Roth's Elite 801, AH Plus, Epiphany, EndoREZ) were all mixed according to the manufactor's specifications. There were 45 test samples of each sealer placed into metal rings with openings of a diameter of twenty millimeters and height of two millimeters. These samples were allowed to set up for at least forty eight hours or more at thirty seven degrees
Celsius with moisture present. The samples of Roth's took twenty five days to set up. Prior to creating the samples, the metal rings were cleaned with acetone in an ultrasonic cleaner for twenty minutes. New rings were used
for each sealer group being tested. The sample was deemed completely set up when a clean explorer would not penetrate into the test sample. Each sample was assigned a number, which was carved into the metal ring. Also, a hole was placed at the top of the ring to allow for suspension in solvent. 
SOLUBILITY METHODOLOGY
The samples were weighed on a digital scale to 0.0001 of a gram.
Each sample was tested in one of the three solvents (Chloroform, Eucalyptol, Endosolv R) for one of three different times (five minutes, ten minutes, or twenty minutes). After being removed from the solvent the samples were rinsed with distilled water and allowed to completely dry for twenty four hours. The samples were weighed again on the same devise.
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During both measurements the devise was tared back to zero prior to weighing each sample. One control sample, which was a metal ring with no sealer, was tested for each of the sealer groups in each of the solvents for 20 minutes.
DATA COLLECTION
The results were collected and placed into an Excel spreadsheet. The difference between the before and the after weights of each sample was calculated. 
DATA ANALYSIS
The data was analyzed in a Split Plot Model with the REML (Restricted or Residual Maximum Likelihood Method) and Tukey's HSD anaylsis. This was accomplished, by using the Jump software, with the help of a statistician. Significance was determined at P < 0.05. A one-way ANOVA was also used to determine if a significant difference existed 18 between groups and Tukey's HSD test used to identify which groups were significantly different. Significance was determine at P < 0.05. The Tukey analysis was also used to determine statistical differences between by sealers, solvents, and times.
MATERIALS AND EQUIPMENT
-Endosolv R (Septodont, Cedex 
Figure 1. Solubility of Sealers
The sealers AH Plus and Roth's 801 were statistically significant compared to Epiphany and EndoREZ in the Tukey analysis. 
Solubility of Sealer in Different Solvents
AH Plus and Roth's were 6-7 times more soluble in chloroform than any other combination of sealer-solvent interaction. Also, Roth's was two times more soluble in Eucalyptol than Epiphany or EndoREZ was in any of the three tested solvents.
Fig 2. Solubility of Sealer in Different Solvents
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Solvents Ability to Dissolve Endodontic Sealer (p < 0.0001)
Chloroform was three times more powerful at dissolving the four endodontic sealers tested than the other two solvents, Eucalyptol and Endosolv-R.
Although not significant, Eucalyptol was more effective than Endosolv-R.
Fig 3. Solvent Ability to Dissolve Endodontic Sealer
When the Tukey anaylsis evaluated the solvents, chloroform was statistically more effective than eucalyptol and Endosolv-R. 
Solubility and Time
As the solvent was allowed to interact with the sealer, the longer the time frame the more soluble the sealers became. This was a fairly steady linear relationship.
Fig 4. Solubility and Time
Allowing the solvent a longer time frame was significant. Twenty minutes was statistically more effective than five minutes, according to the Tukey analysis. 
DISCUSSION
As dentistry and the population continue to grow, people will continue to seek better dental health care. The dental profession needs to have clinical research behind the products on the market. According to the results of this study, it indicates the need for more testing of new sealers and their solubility. Chloroform was capable of completely dissolving gutta-percha (Kaplowitz 1991) but did not test for any sealers. This study agrees with previously cited studies that chloroform is the most effective endodontic solvent. It has the capability of dissolving gutta-percha and some sealers,
but two of the sealers tested in this study were not soluble in any of the three solvents. Chloroform is not ideal, because of it's poor biocompatibility (USFDA 1976) and decrease in dentin bonding strength (Erdemir et al 2004) .
It is reasonable to understand the less leakage a sealer can provide the better, but what if it's not soluble? How can we as clinicians determine which solvent to use when we are blind to what sealer was initially used?
These are questions that need to be addressed in the future with sound research, so that the success of retreatment does not decline. The current research on sealer solubility is very limited and is nonexistent for resin 26 sealers. Hopefully, this current research begins to answer a few of our questions and stimulates more research in this topic.
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CHAPTER V SUMMARY AND CONCLUSIONS
SUMMARY
The results of this study are multifaceted, because they point out the following observations. First, chloroform, especially used for twenty minutes, is the most effective solvent. Chloroform has been proven to completely dissolve gutta-percha and was the strongest against the four sealers in this experiment. AH Plus and Roth's 801 were much more soluble than EndoREZ and Epiphany, when tested against chloroform, eucalyptol, and Endosolv-R. EndoREZ and Epiphany were not soluble in any of the three solvents used in this study. Our recommendation is for future testing to find a suitable solvent for each of these sealers. Lastly, Endosolv-R was not effective at dissolving any of the four sealers in this experiment.
Although it was designed to be used for removal of resorcinol-formaldehyde resin or "Russian Red" type sealers, some have a misunderstanding that it's for all resin sealers. Endosolv-R was not effective on any of the three resin sealers tested for. Although the results of this study do not include all resin sealers, it strongly suggests the need for resin sealers on the market to have their solubility tested.
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CONCLUSIONS
This study suggests the usage of chloroform as an endodontic solvent and the longer it is allowed to dissolve gutta-percha and sealer the softer those materials become. According to our data, Epiphany and EndoREZ should not be used unless an acceptable solvent can be found for them.
Lastly, Endosolv-R should only be used on resorcinol-formaldehyde resin, which is easily identifiable due to it's distinct color, and should not be used on the new resin sealers.
